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Abstract The study was designed to evaluate the hepa-
toprotective activity of ethanolic extract of Bacopa mon-
nieri in acute experimental liver injury induced by
Nitrobenzene in rats. The extract at the dose of 200 mg/kg
body weight was administered orally once every day for
10 days. The increased serum marker enzymes, Aspartate
transaminase, Alanine transaminase and alkaline phos-
phatase were restored towards normalization significantly
by the extract. Significant increase in SOD, CAT and GPx
was observed in extract treated liver injured experimental
rats. Histopathological examination of the liver tissues
supported the hepatoprotection. It is concluded that the
ethanolic extract of Bacopa monieri plant possess good
hepatoprotective activity.

Keywords Hepatoprotective effect - Antioxidants - Liver
marker enzymes

Introduction

Approximately 60—80% of the world’s population still rely
on traditional medicines for the treatment of common ill-
ness [1, 2]. Ayurvedic medicine is essentially promotive
and preventive in therapeutic approach. Many ayurvedic
medicines are used for treating liver disorders. Thus search
for crude drugs of the plant origin with antioxidant activity
has become a central focus of study of hepatoprotection.
Bacopa monnieri (L) Wettest belongs to Scrophulariacae
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family. It is commonly known as “Brahmi” and is a
medical herb, found throughout the Indian subcontinent in
wet and marshy places [3]. The plant is used especially for
insanity, nervous breakdown, dermatitis and in memory
enhancement [4] antiulcerogenic, adaptogenic activities
and hepatoprotective effect against Morphine induced liver
toxicity in rats [5]. It helps in the prevention of neurolog-
ical diseases [6] and is also reported to possess anti-
inflammatory, analgesic, antipyretic, sedative [7], free
radical scavenging and lipid peroxidative activities [8]. The
pharmacological effects of B. monnieri are mainly attrib-
uted to these saponins especially bacoside A and bacoside
B, which are therefore, considered as bioactive marker
compounds for this species [9].

NB is considered a hazardous air pollutant and has
proven to be an animal carcinogen. It is classified as a
group B2 chemical according to the 1986 Cancer guide
lines [10] i.e. a likely human carcinogen. Metabolism of
nitrobenzene produce intermediates such as Nitrosoben-
zene (NOB) and phenylhydroxylamine (PH) that play an
important role in the process of NB carcinogenesis [11].
Following accidental nitrobenzene poisoning in humans,
the highest concentration was found in the liver, brain,
blood and stomach [12]. The objective of this study was to
investigate the hepatoprotective effects of B. monnieri, on
Nitrobenzene induced hepatic damage in rats.

Materials and Methods
Plant Material and Extraction
The whole plant of B. monnieri (Scrophulariaceae) was

collected from areas in and around Coimbatore, India. The
materials were identified and authenticated by Dr. G.V.S.
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Moorthy, Botanical Survey of India Coimbatore. Voucher
No: BSI/SC/5/23/08-09/Tech-769 dated 14.08.2008. The
collected materials were thoroughly washed in water,
chopped, air dried at 35-40°C for a week and pulverized in
electric grinder. 1 g of powder was then extracted in 5 ml
of ethanol. The ethanol extract was then made to powder
with the help of rotary evaporator under reduced pressure.

Experimental Animals

Adult albino rats of Wistar stain of both sexes of
12-16 weeks weighing between 160 and 180 g were used
for the study. The animals were maintained in well-venti-
lated room temperature with natural day-night cycle in
large polypropylene cages. They were fed with balanced
rodent pellet diet and water ad libitum throughout the
experimental period. The animals were quarantined for 1
week, prior to the experiments to acclimatize to laboratory
conditions. The study protocol was approved by the IAEC
(Institutional Animal Ethics Committee, Govt. of India).

Experimental Design

Animals were divided into four groups of six animals each.

Group [:
Group II:

Control, normal healthy rats.
Rats administered with nitrobenzene orally
(50 mg/kg bw) as a single dose.
Rats subjected to induction and Treatment.
Nitrobenzene was injected orally and treat-
ment with ethanolic extract (200 mg/kg bw)
orally was started a day after the injection for
a period of 10 days.
Ethanolic extract alone was injected orally for
10 days.

Group III:

Group IV:

Preparation of the Samples for Biochemical Studies

The animals were anesthetized using chloroform and sac-
rificed. Blood was collected directly from the heart of each
animal and the clot was centrifuged for 15-20 min at
2,000 rpm to separate serum for biochemical analysis. The
liver was dissected out for histopathological examinations.

Determination of Serum Marker Enzymes

The following serum marker enzymes were analyzed. ALT
[13], AST [13], and ALP [14].

Determination of Antioxidant Enzyme Activities

The homogenate was prepared in 0.1 M Tris-HCI buffer
(pH 7.4). The homogenate was centrifuged at 1,000 rpm
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for 5 min at 4°C and the supernatant was collected and
used for the estimation of superoxide dismutase (SOD)
[15], catalase (CAT) [16], glutathione peroxidase (GPx)
[17] and lipid peroxidation [18].

Histopathological Studies

A portion of the liver sample from each group was fixed in
10% formaldehyde and stained with hematoxylin and eosin
for histopathological observations.

Statistical Analysis

All biochemical values were illustrated as Mean =+ stan-
dard deviation (SD) for both control and experimental
animals. The statistical significance of values between the
four groups was analyzed using student’s “#” test.

Result and Discussion
Determination of Serum Marker Enzymes

The activity of serum marker enzymes such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and Alkaline phosphatase (ALP) analyzed in serum sam-
ples of different groups of rats are shown in Table 1. In
group II there was a significant increase (P < 0.01) in
serum levels of ALT, AST and ALP. But when the etha-
nolic extract of Baccopa monneri was given to group III,
there was a significant decrease in the value, which tends to
reach the normal values. In group IV, when the plant
extract alone was given, the level approached the normal
values. The liver weight and activity of serum marker
enzymes (aspartate transaminase, alanine transaminase,
lactate dehydrogenase, alkaline phosphatase, and gamma-
glutamyl transpeptidase) were markedly increased in car-
cinogen-administered rats, whereas the activities of marker
enzymes were near normal in bacoside A-pretreated
rats [19].

Determination of Antioxidant Enzymes and Lipid
Peroxidation

The activity of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx) and lipid peroxidation analysed in liver homogenate
of different groups of rats are shown in Table 2. Antioxi-
dant enzymes such as SOD, CAT, GPx were analyzed in
different groups of rat. In group II, there was a significant
decrease (P < 0.01) in the antioxidant enzyme and the
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Table 1 ALT, AST and ALP levels in serum control and experimental groups of rats

Groups treatment AST (UN) ALT (U/) ALP (IU/1)

1 Normal 48.25 + 1.361 50.2 £ 1.43 12542 + 1.51

11 NB control 140.51 £ 5.33a* 96.8 + 3.72a* 180.21 + 4.26a*
1 NB + ethanolic extract 55.32 + 4.24b* 64.3 £ 3.64b* 132.42 + 5.32b*
v Ethanolic extract 47.42 + 1.23cN 522 4+ 1.32¢™ 122.43 4 1.34c™
* P <0.01

a—Group-I compared with Group-II
b—Group-II compared with Group-III
c—Group-I compared with Group-IV

Table 2 SOD, CAT, GPx and LPO levels in liver of control and experimental groups of rats groups treatment

SOD CAT GPx LPO
I Normal 23.34 £ 0.37 50.85 + 4.63 26.20 £ 0.35 0.96 + 0.07
I NB control 17.21 £ 0.25a* 26.43 =+ 2.25a% 20.32 + 0.52a* 3.82 & 0.25a*
11 NB + ethanolic extract 20.93 + 0.39b* 46.75 + 4.83b* 23.45 + 0.45b* 1.86 =+ 0.15b*
v Ethanolic extract 22.72 + 0.41cN° 51.83 + 4.93¢N° 25.62 + 0.53¢™ 1.05 + 0.09¢™

Catalase (umol of H,O, utilized per minute per mg protein)
Superoxide dismutase (units per mg protein)

Glutathione peroxidase (pmol of GSH utilized per minute mg per protein)

a—Group-I compared with Group-II; b—Group-II compared with Group-III; c—Group-II compared with Group-1V; * P < 0.01

lipid peroxidation levels were found to be increased. But
when the ethanolic extract of B. monnieri was given to
group III, there was a significant increase in the antioxidant
levels and lipid peroxidation levels were decreased. In
group IV, when the plant extract alone was given, the level
approached the normal values.

Nitrobenzene carcinogenicity is considered to correlate
with its metabolic activation. It forms a number of phenolic
compounds by oxidation and nitroxides by reduction [20].
Reduction of nitro group plays a more potent role in NB
carcinogenicity. Nitroreduction, which is driven by
microsomal P-450s and NAD(P)H, can produce reactive
nitroxide intermediates aromatic nitroso- and hydroxyl-
amine compounds, e.g. NOB and PH, associated with their
reactive free radicals, e.g., the nitroanion free radical and
superoxide free radical [21]. Activities of antioxidant
enzymes (superoxide dismutase, catalase, glutathione per-
oxidase, glutathione reductase, glutathione-S-transferase,
and reduced glutathione) in liver were also decreased in
carcinogen-administered rats, which were significantly
elevated in bacoside A-pretreated rats. It is concluded that
pretreatment of bacoside A prevents the elevation of LPO
and activity of serum marker enzymes and maintains the
antioxidant system and thus protects the rats from Diet-
hylnitrosamine induced hepatotoxicity [19].

Fig. 1 Normal

Histopathological Studies in Liver

Histopathological studies of sections of liver of control and
experimental rats were carried out to test the hepatopro-
tective effect of the ethanolic extract of Baccopa moneri. In
group I (normal control) rats, liver showed normal histo-
logical architecture (Fig. 1). In group II (NB control), liver
showed marked inflammatory changes associated with fatty
changes and confluent hepatic necrosis (Fig. 2). Group III
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Fig. 2 NB

Fig. 4 B. monnieri

(NB + B. monnieri) which is NB damaged and treated
with the ethanolic extract showed normal architecture with
lesser degrees of inflammation (Fig. 3).Group IV (B.
monnieri only) showed normal liver (Fig. 4).

In conclusion, the ethanolic extract of B. monnieri
showed good hepatoprotective activity in NB induced liver
damage. The hepatoprotective activity may be due to the
antioxidant effect of the plants.
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